Summary
A new method is described for the estimation of blood volume in the rat using 113mIndiumchloride. No in vitro labelling step is necessary as the isotope binds specifically to transferrin in vivo. Under anaesthesia, an external jugular vein was cannulated for blood sampling and indium chloride injected directly into a lateral tail vein. Three blood samples of 0.2 ml were taken at short intervals and radioactivity measured under standard conditions. Blood volume was found to be 7.46±0.14 (mean ± SEM) ml/ 100 g body weight. Repeating the study of 5 animals gave similar values for blood volume on the 2 occasions [7.23±0.26 and 6.95±0.23ml/100g, P>0.05). The new technique was compared with established methods using SlCr labelled red blood cells and 12sIodinated albumin. In each animal, the l13mIndium technique produced values approximately 10% higher than those obtained using the sum of plasma and red cell mass, in keeping with the known difference between whole body and large vein haematocrit (Indium, 7.20±0.19 and Iodine with Chromium, 6.40± 0.34 ml/lOO g). Data on blood volume determined using 12SIodineas the tracer on these same animals were identical (Indium, 7.20±0.19 and iodine, 7.16±0.34ml/100g).
The method is simple to perform and appears to be at least as accurate and reproducible as established methods for measuring blood volume.
Keywords

Blood volume; ratj 113mlndium
Determination of blood volume in rodents is difficult as errors are magnified due to the small circulating volume. In acute animal studies, many workers rely on indirect markers of blood volume changes such as haematocrit and albumin. However, these do not provide a measure of absolute volume and are therefore unsuitable for chronic studies as long term changes in haematocrit or protein concentration cannot be allowed for.
Red cell labelling with SlCr (ICSH, 1973) is cumbersome and iodinated albumin is the only other isotopic marker of the intravascular space to have been widely used for the measurement of blood volume (Brooks 1971) . Dye dilution techniques are limited by the difficulty of quantifying the exact dose administered to the animal and the impossibility of checking for extravasation at the injection site (Gregerson & Rawson 1959) .
113mIndiumas the trichloride salt has been shown to bind avidly and specifically to transferrin in vivo (Hosain et 01. 1969) . When fully saturated, excess In 3 + ions bind to <X2 globulins. As such, radioactive indium is a potentially useful tracer for blood volume estimation, since no in vitro Laboratory Animals (1994) 28, 172-175 labelling step is required and it is only slowly cleared from the circulation. High specific activities may be obtained from the indium generator used, allowing high activities to be administered in very small volumes, thus minimizing the change in blood volume caused by injection of the tracer. In addition, 113 m Inhas a short life of 100 min, which reduces the exposure of the animal and worker to radiation.
Materials and methods
Preparation of isotope
Carrier-free 113mIn 3 + was eluted with 0.1 % chlorocresol in 0.04 M hydrochloric acid BP, from a 113Sn_1l3mIngenerator (TFC 3, Amersham, UK) under aseptic conditions. Elution was adjusted to produce approximately 0.5 MBq in 0.15 ml. The tracer dose and 2 standards were prepared in syringes and assayed reproducibly in a jig mounted on the front of a directional scintillation counter. Residual activities in the syringes, after emptying, were assayed under the same conditions to allow correction for dead space losses. One standard (Standard B) was diluted to 100 ml with distilled water for counting with the active blood samples.
Preparation of animals
Male Wistar rats [175-275 g) were anaesthetized using halothane in oxygen, maintained at 0.5-1% by mask. One lateral tail vein was catheterized percutaneously with a 24 g cannula (Abbocath) and flushed with 0.05 ml saline. One external jugular vein was then exposed via a short paratracheal incision and blunt dissection. A 20 g cannula (Abbocath) was introduced through the external jugular vein into the anterior vena cava and flushed with 0.05 ml saline.
Radioactive tracer was injected into the tail vein and the cannula was immediately removed. The syringe and cannula were retained for measurement of residual activity. After the injection, a check was made for extravasation in the tail using a heavily collimated scintillation counter.
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At 2, 4 and 6 min after injection of the tracer, the dead space contents of the jugular cannula were aspirated and 0.2 ml blood taken. Saline was used to replace the sampling losses. The blood was mixed with a small amount of EDTA anticoagulant and exactly 0.1 ml transferred to the counting tubes using a Gilson pipette. The blood was mixed with 0.9 ml distilled water to produce a standard volume of 1ml for assay in a well-crystal scintillation counter. After sampling was complete, the jugular vein was tied off and the wound closed in layers. The animals recovered without ill effects.
To validate the method, 8 rats underwent an identical procedure with the administration of ll3mIn, together with slCr labelled red blood cells and 12sIodinated albumin in a total of 0.25 ml. Counting of the 3 different isotopes was possible by utilization of different gamma energies and half-lives.
Calculations
Residual activity in the dose syringe could be expressed as a portion (RO) of the dispensed activity: Dl = count on the dispensed dose Ai = count on standard A at the time of D 1 D2 = count on residual activity A2 = count on standard A at the time of D2
In addition:
The contents of the syringe containing standard B were expelled into the diluting volume and the syringe was immediately re-assayed, giving a count RB. The administered activity could then be expressed as a proportion (DB) of standard B:
where CS was the count-rate from the standard sample.
The apparent blood volume (BV) calculated for each blood sample was then given by:
Blood samples, prepared as described above, and a 1 ml aliquot from the diluted standard B were counted in a Phillips automatic gamma counter (PW 4580) and all counts were corrected for background activity.
The count-rate (CI) from the injected dose of radioactivity was calculated: [ICHS, 1973; Rustad, 1964) ). The precise extent of the overestimate depends on the whole body haematocrit according to the relation: 0.1 xCI BS x decay correction BV where BS was the count-rate from the blood sample.
Because of the low activity of the blood samples at the time of assay, it was necessary to count for 4 min to achieve greater than the 10 4 counts required to reduce the standard error to less than 1%. Therefore, a decay correction factor was required to correct all counts to the time at which Standard B was assayed.
Statistical methods
All results are given as mean ± standard error. Comparison of group data was by paired or unpaired t-test as appropriate.
Results
In the timescale of blood sampling there was found to be no significant apparent increase in compartment size from leakage of isotope. Similarly, mixing was complete within 2 min as shown by the finding of very similar values for blood volume after 20 min mixing time (data not shown).
Blood volume in normal rats
Thirty-eight normal rats were studied at least once. The mean blood volume was 7.46±0.14mlllOOg body weight (n=38). The study was repeated on 5 rats after an interval of not less than 5 weeks and the No attempt was made to correct for this and the results are as follows: 113mInmethod: 7.20 ± 0.19 (mean ± SEM) mll 100 g body weight. Sum of red cell volume and plasma volume: 6.40 ± 0.34 mll 100 g body weight.
In these 8 rats, the blood volume calculated from the 12sIodinated albumin data was found to be identical to that obtained using 113mlndium as the tracer (Indium, 7.20±0.23 and Iodide, 7.16±O.34mlllOOg).
Discussion
Determination of blood volume in the rat using 113mInhas been found to be practical (Table 2) have given a wide range of values for blood volume. It is likely that species difference may account for some of the variation. In addition, there will probably be apparent differences induced by the use of different techniques. This work has tried to eliminate possible sources of error by careful standardization of dosage and counting methodology and has been validated against itself over time and against established methods. The small change in measured blood volume in repeated studies on the same animals may be accounted for by the increase in the amount of fat present in older animals, which contains less blood per gram than other tissues. We feel that the use of 113mInas a tracer for these studies will be a useful alternative to established techniques.
